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Aims: In polycystic ovary syndrome (PCOS), metabolic and cardiovascular dysfunction is related to hyper-28 androgenic status and insulin resistance, however, Vitamin D3 has a beneficial effect partly due to its anti-29 oxidant capacity. Nitrative stress is a major factor in the development of cardiovascular dysfunction and insulin 30 resistance in various diseases. Our aim was to determine the effects of vitamin D3 in a rat model of PCOS, partic-31 ularly the pathogenic role of nitrative stress. 32 Main methods: Female Wistar rats weighing 100-140 g were administered vehicle (C), dihydrotestosterone 33 (DHT) or dihydrotestosterone plus vitamin D3 (DHT + D) (n = 10 per group). On the 10th week, acetylcholine 34 (Ach) induced relaxation ability of the isolated thoracic aorta rings was determined. In order to examine the pos-35 sible role of endothelial nitric oxide synthase (eNOS) and cyclooxygenase-2 (COX-2) pathways in the impaired 36 endothelial function, immunohistochemical labeling of aortas with anti-eNOS and anti-COX-2 antibodies was 37 performed. Leukocyte smears, aorta and ovary tissue sections were also immunostained with anti-nitrotyrosine 38 antibody to determine nitrative stress. 39 Key findings: Relaxation ability of aorta was reduced in group DHT, and vitamin D3 partly restored Ach induced 40 relaxation. eNOS labeling was significantly lower in DHT rats compared to the other two groups, however COX-2 41 staining showed an increment. Nitrative stress showed a significant increase in response to dihydrotestosterone, 42 while vitamin D3 treatment, in case of the ovaries, was able to reverse this effect.
43 Significance: Nitrative stress may play a role in the pathogenesis of PCOS and in the development of the therapeutic 44 effect of vitamin D3.
Introduction
51
The diagnostic criteria for polycystic ovary syndrome (PCOS), 52 besides polycystic ovary morphology, are hyperandrogenic status and 53 oligo-amenorrhea. Insulin resistance is a common metabolic sign in 54 PCOS, it occurs in 50-80% of all patients ( Q4 Diamanti-Kandarakis, 2012).
55
The long-term consequences of PCOS are metabolic disorders and 56 cardiovascular diseases. PCOS affects 5%-8% of women in reproductive 57 age, and it is a leading cause of female infertility. Earlier studies demon-58 strated the presence of vascular dysfunction in PCOS; it was previously 59 described that aortic relaxation ability is decreased (Keller et al., 2011; 60 Lakhani et al., 2006) , and this phenomenon is probably not genetically 61 encoded (Walch et al., 2008 between NO and superoxide anion (Pacher et al., 2007 
in subacute inflammation, and in prediabetic states (Fallarino et al., 78 2004; Grohmann et al., 2003; Zappulla, 2008) .
79
Earlier data show that in PCOS the expression of both eNOS and 80 COX-2 is decreased (Elia et al., 2006) (Fig. 2 , left column) (Sara et al., 2012a) . In the 120th minute 
observations, which state that nitrative stress is significantly higher in were reduced, while concentration of prostaglandin E was elevated in 258 the ovaries of rats with PCOS.
259
In the reproductive tract vitamin D 3 is an important agent for estrogen 260 biosynthesis (Kinuta et al., 2000) . Hyperandrogenic environment, com-
261
bined with low vitamin D 3 level, leads to explicit ovarian hypofunction.
262
Vitamin D 3 supplementation in our model controlled ovarian morpholo-263 gy (Masszi et al., 2012; Sara et al., 2012a) and nitrotyrosine formation.
264
There is strong evidence that vitamin D 3 is involved in both insulin secre- women with PCOS (Thomson et al., 2012) . Vitamin D 3 also shows an 280 anti-inflammatory effect (Capri et al., 2006; Krishnan and Feldman, 281 2010; Mabley et al., 2007) and a cardiovascular protection (Zittermann 282 et al., 2005) . As previous research showed, vitamin D 3 was able to trigger 283 estrogen synthesis and also, downregulated aromatase expression,
284
followed by a decrease of proinflammatory cytokines in macrophages 285 (Villaggio et al., 2012 and COX-2 levels in PCOS in the aortic endothelium for the first time.
315
As a result of vitamin D 3 treatment, eNOS expression was significantly 316 higher than in the DHT group, and did not differ from the controls.
317
The fact that quasi normal eNOS translation did not result in control In control group, nitrotyrosine and inducible COX levels were low, and eNOS staining was strong. Elevation of DHT resulted in a three-fold increase in nitrotyrosine and a two-fold increase in COX-2 staining intensity, while eNOS levels significantly decreased. Vitamin D 3 dosage inhibited the elevation in nitrotyrosine formation and decrement of eNOS transcription, although it also caused a threefold increase in COX-2 staining compared to controls. 
